6. Slope - Deflection Method
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6.2 Sign Convention :
<Al clockwise moments agre +V€
«Al) clockwise rotations are positive
s A Is +ve if it produces clockwise Y.
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A is +ve bezoz ¢ ‘

is clockwise A g ~we BobER

p is anticlockwise
K—é_.....\
f .
A is tve becoze A s -ve becoze
P is clockwise Vs anticlockwise

6.3 Procedure:

Stepl: Calculate kI and IdenhHfy them.

StepIr: Calculate Crred end moment ( FEM) of each SpPan

B Gl sk A shear
force and axial force unless required)

Write equ;‘};‘br)um EC}uaHOf) Correspond;‘nj to each

SkteplIr:

Steplv:
KT.

Step V: Express all spd maments tn termsof FEM arsd
joint displqcements UsINg slope deflechon €quation

' quations of skepIV to formulate simultaneosys
StepvI: Use €9 rerrns of  UNKNOWD drsplacements.

equaltions o ‘
Stepurr: Solve s !multaneous equations of step IV to

calculate unknowh displacements.



Stepvill: Substitute joint displacementsof jstep vii in Slope
deflection equation of spepv o caleulate end MOMEnis

Step ¥ Dravo BMD usinNg method of syper poSItron.

Stepx: Calculate other reackions and draw SFD

6.4 Standqrd Resulis of Fixed End Mamenrt -
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6-5 BMD by Method of Superposition:
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by considering

StepT: Draw BMD of span for given Ltoadrng
e dsual sign

end condi/bion as pin support and Us
canvention. (+ve on reference Side)
Drow 8MD of Span for end ™0 ments by considering
end condihon as pio support and use apposite to
usual sign convention (-ve on referénce srde)

Step1r1: Common atrea of above o BMp rs cancelled out
and remafnir)ﬂ area s Final BMD of that Span.
*Note: gmp of over bgng portian js plotted by using sign convention
as of end moment draq. (-ve on ref side)

StepIr:



£x. Analyze the conkinuous hbeqrm given below. Rotational
setHernent of “SUpport A is _20 clockwise and vertical Settlement
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of support B s 12 downward.
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Stepr: KI

StepIt: Fixed End Moments for each span.
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Mpega= ~wbL'_ _L.Z‘_E__ - -pp.a3 (-ve becoz anticlockwise)

MFCB = V_\i‘_._ — 20.853 (+Ve beccoz C\OCkWib'e)

Step 111: £B8D of each joint and span (without axial force ¢3F)
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Stepiv: Equilibridim Fquahons -
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StepV:
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Mgec = Mpge + O'EI (28g + B¢ - SA)
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MBC —-18.43 + O. BEI@B +0.4EI B¢
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Meg = 23.23 +0.4EIBg +0.8ET 6,

Step v1:
fromn equation () -
31.57 4 1.ABI8g + 0-4 ET Bc=0----(iiD
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28.23 +04 ET 6g +0:8F168c =0 -- Civ)
Step VII:

0= - 157/e;

8C: —9_\16/51



Step VII1:
MAB: -38.51kNmM

MBA: ‘3q_4'-1 kN
MBc: -3q.49 kNm.

MCB‘.‘: @)

Step Ix: BMD.
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6.6 Modified Slope Deflection Equation -
If far end of member has zero Linal end moment then

modified Slope deflection e€gnP can be used to reduce Number
of unknowns in Fhe Simultancous €Quah‘on.
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Byusing
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Step1r: Fixed End Moments.
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Step 1v: Formulate Bquiliorium Equations:

ZMg =0 W5 > Mpoo
= - Mga®*™ Mg, =0 —Meg-Mep=0 -Mpe120 =0
Mga+Mp =0 - €i) Mg+ Mep=0-- (D Mine =249 -Gy



StepVv:

:\/\AAB:OModfFu’ed slope deflection equation.
BAa -
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Mgp = MFBA“\B_MQA + -——'31E_1 (88"—]_')
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4
Mgy = 0.75EI 6

2€1 _ 3D
Mg = MFBC+T (26g + B¢ —L—)

= @ & 2B

—

(298-[— 9(‘." O)
N‘Bc‘: 2EY QB‘fEIGc

3a
Meg = Mpeg + -—'QIIE_I S i ol

. A QEI (26 % Og- 0)

34
MCD: Meep +___...QEI (20 +6p - T_‘)

:—53.33+2§_f£_f)_(99c + 8p-0)
6
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Stkep VI!
from equation @) -

MBA TMBC: (0]
0-7SETB6g + 2ELHg+ELBc=0
.- Cw

275 SB +8C =0

from equation (i) -
™Mceg X Mcep =0
2818, +EI1G6g~ 538-33 + 1.33ELB.+ 0.€3 EXBp=0 -

P 5333 L o '(V)
8g+3.33 B +0676p = T BT

from equation (i) =
Mpc = 20

2. 6%F+ 1.33 EIGp +0-63EI Bc =20 .

Ak B & &g By —Géij ,,,,, (vi)
Step VII.
From equabon Gvy » () and (i)
0g= —'?-84'/[51
8= 21.56/g71
Bp = -\5tg1]EI
Step viIrt:
MAB =0
Mgp = - 5.88
Mpges 5-88
Mceg=z 85.28
Mep= -35.28

Mpcz= 20



Step IX:
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Ki= 3

By u.sr‘n_q mod fied slope-deflectHan equation for Mge

number of unknowns can be reduced to 2 ( g, Dye=2W)
u

Step1: Fixed End Mgoments:

L a
Mrag = '——‘Péb E ‘-————-36;:’“2 = -16 kNmM
Megp = +f_i;l°. » 36xzfxz ~ i
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Mrge = Mpcg= O



Stepiil: FBD of eathspar)g aq nd Jo;nk
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_ =
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Stepv:
MAB - MFAB“’ QEI (28A +GB B -_—)

= -6 +-———-2i_1 (o4t BB—O)

Mag = -16 +0.33ETI0g
3A
= + 2ET (0pg +8p- )
Mga= MrBA . B >
=32 +2EL (,9q10-0)
6

T/\BA: 3Q+O-6q EI@B



Mgc = Mod - slope defleckion equation.

AN
= Mpg - M’;Ceng%_I (Bg—= )

B o

= 0-o0+ 3E1I A :
3 (GB‘T) ~d y LA

Step vrI:
trom equation (i)
-32 .
1-61 08— O'SBA: —E? ----CFV)
from equation (it
_36
= OBE N = =I5 isardl¥)
Og é s
Step vrr:
from equation ) and V)
5.98
R
rn 127.24
© EI
StepvIIl:
Mpg = —14.02
Mge = 36
N'cB-"-' (9]

Step 1x : BMD |
14.02




6.7 Condikionsof Sway:
Case1: Symmetrical Struckure with Symmetrical 0oaalrn3,

Never Sway_

——— s ==

7

““axis of symmetry

- - - -

Caserr: Symmetncal Structure with unsymmetrica Loading.

BC
/-\!MBA => MBC'> MCB
- ‘Mgp 7 MeD
D
Aﬁv ”J” nd M
Since Mga has tendency of right Sway c?hé D

' r

has left SO resultan t SwWay will be bwards rignL.
Trick:

Cut the Structure Frormn axis of Symmehy and
based op drreckion and magnibudeof‘ saway of
resltant Sway is olecided .

both portion.
right No fsway
7T

So resultant sway fonQrd r[gh}.



Case I : Unsymmetrical structure with Symmetiical ﬂOer"ng .
Sway (s always from higber stiffness to lower
stiff ness.

Case 1v. UnSymmerCa.ﬂ Structure with Unsymmt’”ffa-’ loac}fnﬂ:
Can't say anytmng about direction of swaly.
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StepT: KI:

KI=3 (0g,8,, Bgg=Axc)

Meag= " g
_ 10x42
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MeAB = - 13.33 i j
MPBA: 13.33 '

Mege = Meeg = Meep = Mepe= 0



Steprir: FBD:
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Stepiv: Formulating Equilibrium Bquaton.

'ZMB':- O
= -Mgpa- Mpc=0
= Mpgp Mg =0 o B

ZM,=0
- —Mc_g"McD:O

> MegtMep=0 - 7Y

=F 0
B B'r‘ Asc
= Vga+Bsc =0 -
VB A

Ficult to convert axiod force of member (Ag,)

Since it s d H shear equation as
In i
& d moments So wn 9
in terms of en
Follows.
B C
A
= Fxzo



7 MgBA ZMy=0
& Vgai Mag+Mpp+ 10x4x2
10K/, 4
Wiag A\ Yas
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For Vep:-
O =M
(&) £
<« Mcp :
Vep= Meo ¥ Mo
A
A from equation (D)
Mpe” Vo --80 --4v)
. Mag + Mga+ McptNipe =

Step V: Slope .Deflection Egquation:-

281 3A
Mag= MFAB +—L_ (2685 + Gg- '—L—-)

= -13.33 + 2ET . S5
3 = (B +rlges =

Mag= -13.33 +o 5 EIOg -0-375ElA
Mg,n,:: MPBA'\"QTE]; (298+ sPr" %_e)
=13.33 + 281 (0g540- 24
EL (206 =)

Mga = 13.33 4+ 1 Bg-0-335E1A
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L
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o 2FE1 —-._8_'@
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£ 8
O+ =22 (96c +6g -0)
Mceg =
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EIBc+ 05E16g

Mep = Meep + 2EL

(20c+6p - 22)
=06 + 2EL (o - B4

Mcp= B18.-0-315 €814

Mpe = Mepct 2—?—-1- C28,, B Q_A_)

L
= b
=0 +2B1 (5ig.- 32
* L
Mpc = 058168, -0.375 EIA
Stepvr:
From equation )
SRS
298+0'SGC‘O-B7SA: EI .

From equaktion (i)
05 0g+26.~ 03954 = O

from equation @v)
-80 Py " i}
'S Bg +1-56, —1-54 = % Qi)

Stepvil: .
From equation @, cvd and (ViD)

98: 3.\7/eT
Oc = 12:06/E7

AIB: 6897/51 |



Step v :
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Ex. 2
B
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I+ cross-section area of member

considered at janction ot v

6.8 Calculation of Fired End Moment -
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Measg Mg gp

varies then @ jorntis
ariation of cross-sectHon.



frorn moment area theorem.:-
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Standard Formulae
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